Background. The incidence of recurrent herpes zoster (HZ) and the relationship between initial and recurrent HZ are not clear. Methods. The Miyazaki Dermatologist Society has surveyed ~5000 patients with HZ annually since 1997. A questionnaire regarding HZ and its recurrence was completed by the dermatologists.
Varicella-zoster virus (VZV) infection causes varicella and results in latent infection in the sensory ganglia. We previously reported that reactivation of VZV caused herpes zoster (HZ) in all age groups, especially in the elderly, at rates of 3-8 per 1000 person-years in a study of 48 388 patients with HZ [1] . The major complication of HZ is chronic pain (postherpetic neuralgia [PHN] ); the pain is related to peripheral nerve injury and activation of brain-derived neurotrophic factor by the antiimmediate early protein 62 antibody [2] . Herpes zoster and PHN are major health concerns in the elderly. Zostavax reduces the incidences of HZ and PHN to approximately one half and one third, respectively [3] , and the efficacy of the glycoprotein E vaccine against HZ was found to be 97.2% [4] .
The lifetime incidence of HZ recurrence in immunocompetent persons is estimated to be between 1% and 6%, and recurrence typically occurs many years after the initial episode [5] [6] [7] [8] [9] . Of the 1669 persons who experienced an episode of HZ during the 6 years of one study, 95 cases were recurrences [5] . In a shingles prevention study, 2 of 19 247 vaccine placebo recipients had another episode of HZ within 3 years of the initial episode [3] . In surveys of patients with HZ, recurrence has been reported to occur in 9 of 192 [6] , 18 of 1112 [7] , 2 of 206 [10] , 5 of 184 [11] , 4 of >400 [12] , 26 of 339 [13] , and 31 of 590 [14] patients. Thus, although many studies have estimated the recurrence of HZ, and recurrence seems to be low but common [5, 15] , the exact incidence and clinical features of HZ recurrence in the general population are not clear.
Universal vaccination of varicella vaccination started in October 2014 in Japan, and varicella vaccine was licensed for the use of HZ prevention in April 2017. In a 6.5-year survey from June 2009 to November 2015, a total of 34 877 patients with HZ were monitored at 43 dermatology clinics in Miyazaki Prefecture, Japan without the effect of varicella vaccine for HZ prevention. In 10 of the 43 clinics that participated in the recurrence study, 1076 of 16 784 patients were observed to have a recurrence of HZ. The study of HZ recurrence in the general population helps further elucidate the incidence, duration of immunity, sex preference, age, underlying diseases, and dermatomes affected in the epidemiology of HZ.
METHODS

Collection of Patients and Study Population
All new medically documented episodes of HZ occurring from June 2009 to November 2015 in a total of 43 clinics, which included 36 dermatology clinics and the dermatology departments of 7 flagship general hospitals belonging to the Miyazaki Dermatologist Society (members of the Miyazaki Dermatologist Society are listed in the Appendix), were evaluated. A questionnaire about the age and sex of patients with HZ was completed by dermatologists in the 43 dermatology clinics, and the number of patients with HZ in this survey was used to estimate the total number of patients with recurrent HZ in the prefecture.
Ten among the 43 clinics agreed to monitor the recurrence of HZ and completed a questionnaire about underlying diseases, timing of the previous HZ episode, and the dermatomes affected, in addition to the age and sex of patients with recurrent HZ. The dermatomes were determined by using illustrations of the cutaneous fields of peripheral nerves [16] . Data about previous episodes of HZ were accepted only if those episodes were confirmed by clinical data or the presence or site of scarring. A summary of questionnaires from each clinic was collected monthly by the Toyama Dermatology Clinic. The study was approved by the ethics committee of the University of Toyama. This study was registered with the University Hospital Medical Information Network (UMIN) Clinical Trials Registry, number UMIN000008738.
The mean population of Miyazaki Prefecture was 1.12 million in 2009-2015 [17] . This study was a voluntary surveillance of HZ based on patient care by the Miyazaki Dermatologist Society, maintained without financial support since 1997 [1] , and the direct immunofluorescent antibody (DFA) test used for confirmation of HZ was covered by health insurance. The coverage rate of HZ in Miyazaki Prefecture was estimated by identifying the total number of patients with HZ who were treated with famciclovir (3346) among all patients who visited the dermatology clinics between January 2012 and January 2013 (3920; 85.36%), because famciclovir was licensed only for the treatment of HZ in this period. This indicated that the coverage rate of patients with HZ in dermatology clinics was 85% in this study. Thus, the catchment area is different from those of other countries in that patients with HZ in Japan primarily visit dermatologists instead of general practitioners. Cases of PHN, dermatologic diseases causing erythema or vesicles resembling HZ, and suspected cases without confirmation with the DFA test were excluded. A history of varicella was confirmed in children and young patients for whom this information was available.
Diagnosis of Herpes Zoster by Polymearse Chain Reaction
The 2630 swab specimens taken from 2438 cases confirmed as HZ and 192 suspected cases were tested for the presence of VZV deoxyribonucleic acid (DNA) from June to September 2013 and February to April 2014. Deoxyribonucleic acid from the samples was isolated by using High Pure Viral Nucleic Acid kit version 18 (Roche Diagnostics GmbH, Mannheim, Germany), and the DNA fragments of VZV, herpes simplex virus (HSV), and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were subjected to polymerase chain reaction (PCR) amplification using VZV primers (5'-tccgacatgcagtcaatttcaacgtc-3'and 5'-ggtcgggtagacgctaccactcgttt-3') , HSV primers (5'-agggagtggcgcagctgcttc-3' and 5'-aagccatacccgcttctacaaggc-3') , and GAPDH primers (5'-tgtgctcccactcctgatttc-3'and 5'-cctagtcccagggctttgatt-3') [18] .
Analysis of Data
The HZ-naive population of age 0-9 years was calculated by subtracting the number of patients with HZ of age 0-9 years. Subsequently, the ratio of the HZ-naive population to the total population at age 0-9 years was used to estimate the HZ-naive population at age 10-19 years. The incidence of HZ in HZ-naive and HZ-experienced populations was deduced from (1) the number of patients with initial and recurrent HZ and (2) the HZ-naive and HZ-experienced populations of each age (Supplementary Table 1 ). Statistical comparison was performed using IBM SPSS Statistics version 23 (IBM, Armonk, NY).
RESULTS
Diagnosis of Herpes Zoster
A total of 34 877 patients with HZ were diagnosed clinically, and 2398 patients among them were diagnosed by PCR. The correct diagnosis of HZ was confirmed through PCR testing of the swab specimens from patients, from June to September 2013 and from February to April 2014. A total of 2630 swab specimens were taken from 2438 cases with clinical diagnosis of HZ and 192 suspected cases, and the number of VZV-positive samples was 2398 (98.36%) in 2438 GAPDH-positive samples and 2398 (97.32%) in a total of 2464 samples from patients with a clinical diagnosis of HZ (Supplementary Table 2 ). Suspected patients included those who were being tested to confirm or exclude HZ, and 124 cases among 192 were diagnosed as HZ. The correct clinical diagnosis rate of HZ by the dermatologist was approximately 98% by PCR testing.
Age-Dependent Incidence of the Initial Episode and Recurrence of Herpes Zoster
A total of 34 877 patients with HZ were registered at 43 dermatologic clinics covering 1.12 million persons in Miyazaki Prefecture from June 2009 to November 2015, and the annual mean numbers of cases were 2230 in male and 3135 in female patients. Figure 1 shows the age-and gender-dependent population of Miyazaki Prefecture ( Figure 1A ), 5365 HZ patients with clinical diagnosis as the mean of 6.5 years survey ( Figure 1B ), 2398 HZ patients with PCR-diagnosis ( Figure 1C ), and 1076 recurrent HZ patients ( Figure 1D ). Age-and gender-dependent distributions of HZ patients with clinical and PCR diagnosis were similar, and this supports the clinical diagnosis of HZ by the dermatologist.
The incidence of HZ was determined by the population of Miyazaki Prefecture as the denominator. The mean incidence of HZ was 4.79 per 1000 person-years in the total population and was significantly higher in female (5.27) than in male (4.25) patients (P < .001). The age-dependent incidence of HZ in male and female patients increased at the age of 50 years and older. The incidence of HZ in women increased when they were in their 50s and 60s, compared with men whose peak incidence occurred when they were in their 70s, and was 8.44 and 8.89 (mean 8.69) per 1000 person-years in the male and female populations, respectively ( Figure 2A ). The incidence of recurrent HZ was 0.31 per 1000 person-years, as shown by the dashed lines.
Of the 16 784 patients observed at the 10 clinics, 1076 (6.41%) experienced a recurrence of HZ, with 49 and 3 patients experiencing 3 and 4 episodes, respectively. Recurrence was noted in 765 (7.79%) of 9821 female patients, which was significantly more frequent than that noted in 311 (4.47%) of 6963 male patients (P < .001).
The number of HZ-experienced persons increased with age in every age group, and one third of the population had experienced HZ before the age of 80 years ( Figure 2B ). Because the incidence of recurrence is calculated based on the population of Miyazaki Prefecture as the denominator, total 1076 recurrent patients were monitored in 10 of 43 clinics in the survey. The recurrent HZ cases in the prefecture were estimated by multiplying 2.08 (34 877 of 16 784, 43 clinics/10 clinics) to the number of recurrent cases in 10 clinics that participated in the study on HZ recurrence. The comparative age-dependent incidences of initial HZ in an HZ-naive population and recurrent HZ in an HZ-experienced population are shown in Figure 2C . The incidence of initial HZ episodes increased in patients in their 50s and reached the peak at the ages of For each age group, the proportion (%) of HZ-naive population is indicated below the age group. The ratio of HZ-experienced persons increased with age, and the HZ-experienced population exceeded one third before the age of 80 years. (C) The age-dependent incidences of initial HZ in the HZ-naive population and recurrent HZ in the HZ-experienced population are shown as solid and dashed lines, respectively. The incidence of recurrent HZ was low but showed a small peak at the age of 60-69 years, with 2.31 per 1000 person-years. The incidence of initial HZ increased with age up to 11.5 per 1000 person-years at the age of 80-89 years.
80-89 years, with 11.54 per 1000 person-years in contrast to 1.73 in the HZ-experienced population. The mean incidence (5.45 per 1000 person-years) of initial episodes in the HZ-naive population was significantly higher than that (1.73 per 1000 person-years) of recurrences in the HZ-experienced population (P < .001). Alternatively, this indicated the lower risk of HZ in an HZ-experienced population than in an HZ-naive population, especially in patients >50 years old (odds ratio for recurrence, 0.176; 95% confidence interval [CI], .
Interval between the Initial and Recurrent Episodes
The age of 6 patients with the initial episode was not clear among 1076 patients, and they were excluded from the analysis; episodes before the recurrence in 52 patients with 3 and 4 episodes were included in the initial episodes. Initial and recurrent Figure 3 . The ages at the initial and recurrent episodes of herpes zoster (HZ), and the interval between episodes. The figures show the profile of the ages and gender of initial and recurrent HZ and their interval. The difference in the peak age between male and female are noted, and the median and mean intervals were 10 and 14 years, respectively. (A) The ages at the initial (solid line) and recurrent (dashed line) HZ episodes of the total, male, and female patients are expressed as black, blue, and red lines. The episode before the recurrent episode was included as the initial episode in patients with 2 and 3 recurrences. The difference in the peak age between male and female are noted. (B) The cases are shown according to the sex-dependent interval length between the initial (prior) and recurrent episodes in the total, male, and female patients as black, blue, and red lines, respectively. (C) The intervals of the number of patients who experienced recurrences in different dermatomes and in the same dermatome are shown by the black solid line and black dashed line, respectively. episodes of HZ occurred in every age group, with the peak age of initial episodes being 50-59 years, and that of recurrent episodes being 60-79 years ( Figure 3A ). The peak age at which male patients experienced initial and recurrent HZ episodes was 10 years older than that of female patients.
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The intervals between the prior and recurrent episodes among 1125 cases ranged from 2 months to 73 years with a mean period of 13.71 ± 10.96 years, peaked at 3-11 years, and then decreased gradually with time ( Figure 3B ). The profiles of the interval of recurrence showed similar tendencies in male and female patients. The intervals in different dermatomes showed an interval-dependent decrease similar to that of all cases; however, the frequency of recurrence in the same dermatome was not dependent on the interval between episodes ( Figure 3C ). Episodes within 8 years occurred more frequently in a different dermatome (361 of 942, 38.3%) than in the same dermatome (53 of 183, 29.0%) (P = .016), indicating that recurrence was more likely to occur in a different dermatome than in the same dermatome during that period.
Underlying Diseases and Recurrence
Among 1076 patients with recurrent HZ, 516 patients had no underlying disease, whereas the remainder had 1 or more diseases. The underlying diseases in patients with recurrent HZ were mostly consistent with diseases that are generally observed in the elderly (Table 1) . Of the 49 patients with 3 HZ episodes, 8 experienced it twice in the same dermatome and once in a separate dermatome, and 1 experienced it in the same dermatome 3 times. Three patients had 4 episodes without an underlying disease; however, 1 patient had a history of frequent renal stones.
Distribution of Dermatomes in Recurrence
In the 1076 patients, a total of 2207 episodes were noted. The exact dermatome was noted in 1905 episodes. Figure 4A shows the dermatome distribution of the 1905 episodes. The dermatomal distribution ranged from head to foot, and it frequently involved the thoracic nerves and the first branch of the trigeminal nerve. The right and left dermatomes were involved in 927 and 978 cases, respectively. Of the 1905 recurrent episodes, 1454 (76.3%) were noted to involve a single dermatome and 451 (23.7%) involved multiple dermatomes; recurrence in the same dermatome was observed in 16.3% of patients. One otherwise healthy patient experienced bilateral noncontiguous HZ (HZ duplex bilateralis) at Th5 and Th6 at the age of 27 years, as marked in red ( Figure 4A) , and recurrence at the right Th3 at the age of 74 years. This was the only case with HZ duplex bilateralis among the 1076 patients.
The right (781) and left (786) dermatomes were similarly affected in patients who experienced recurrence in different dermatomes ( Figure 4B ), whereas left (192) dermatomes were more affected than right (146) dermatomes in patients with recurrence in the same dermatome ( Figure 4C ), indicating a significant preference for the left dermatomes in those with recurrence in the same dermatome (odds ratio, 1.31; 95% CI, 1.03-1.66; P = .027, by the χ 2 test). The distribution did not differ in the initial and recurrent episodes or according to sex (data not shown).
DISCUSSION
Herpes zoster was carefully diagnosed by dermatology specialists in Miyazaki Prefecture. The correct diagnosis of HZ can be difficult, as shown by the HZ prevention study of Oxman et al [3] , in which 152 of the suspected 1308 cases (11.6%) were not based on PCR assay results. Among 230 patients diagnosed as having HZ by family practitioners in the United Kingdom, 204 were confirmed with DFA and/or PCR, and 26 (17%) were incorrectly diagnosed as HZ [19] . The most reliable incidences of HZ with laboratory confirmation of even mild skin manifestations are 10.79 and 11.50 in patients in their 60s and 70s, respectively, per 1000 person-years in an HZ prevention study [3] , and V2  V3  C1  C2  C3  C4  C5  C6  C7  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11  T12  L1  L2  L3  L4  L5  S1  S2  S3  S4  S5   V1  V2  V3  C1  C2  C3  C4  C5  C6  C7  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11  T12  L1  L2  L3  L4  L5  S1  S2  S3  S4  S5   Right  Single  102 146  Multiple  44   Left  Single  148 192  Multiple  44 C. Same dermatome   V1  V2  V3  C1  C2  C3  C4  C5  C6  C7  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11  T12  L1  L2  L3  L4  L5  S1  S2  S3 S4 S5 Figure 4 . A total of 1905 cases in 1076 patients with recurrent herpes zoster (HZ) occurred both in different dermatomes and in the same dermatome. There was no difference between left and right in the distribution even between men and women, but the left dermatomes were significantly more affected than right dermatomes in patients with recurrence in the same dermatome. The (1) right and left dermatomes and (2) 10.8 and 9.4 in those in their 60s and 70s and older, respectively, per 1000 person-years in an HZ subunit vaccine study [4] . The HZ incidence in our study was similar to that in the other studies considering the coverage of 85% of HZ patients. The extent to which HZ patients in Miyazaki Prefecture visit a dermatologist was important in this epidemiological study. The coverage of patients with HZ was 85% in the present surveillance system in Miyazaki Prefecture [1] . Use of the DFA test for confirmation of HZ was covered by health insurance, and the utilization of DFA test for patients with suspected HZ may differ among dermatologists. The information collected on the surveillance of patients with HZ included age and sex; for recurrent HZ, the age and sex, dermatome of the initial and recurrent episodes, and underlying diseases of patients were collected. Herpes zoster in patients with serious underlying diseases is treated in subspecialty clinics and in the dermatology departments of the same flagship hospitals, and thus patients with HZ were covered in this surveillance. Diagnosis of HZ not confirmed with PCR and medication information in treatment of underlying diseases was lacking in this surveillance. Despite the limitations, the correct diagnosis rate by using PCR was approximately 98%, and this is the largest study thus far to elucidate the epidemiology and recurrence of HZ.
Relationship of recurrent HZ with underlying diseases was examined, because the incidence of HZ is increased in patients [20] with malignancy, immunological diseases, human immunodeficiency virus (HIV) infection, diabetes mellitus [21] , and treatment with tumor necrosis factor-α inhibitors [22, 23] . Our population included patients with some of these high-risk diseases. Twenty-eight patients had thyroid diseases, which may be unexpected among underlying diseases; however, information on the prevalence of thyroid diseases is not available in Miyazaki Prefecture. Therefore, it is difficult to evaluate the relationship between recurrence and thyroid diseases or other diseases. Twenty-four persons with HIV infection were registered in Miyazaki Prefecture from 2009 to 2015 [24] , and thus HIV infection may not have affected the incidence of HZ in this analysis.
We examined whether recurrence was recrudescence in the same dermatome or 2 single onset cases occurred within 1 year or due to underlying diseases. Recurrence within 1 year was observed in 9 patients, including 3 patients with rheumatoid arthritis, diabetes mellitus, or atopic dermatitis, and 6 otherwise healthy persons. One had a recurrence in the same dermatome, and the other 8 had a recurrence in different dermatomes. This indicated that the recurrence of HZ was not a recrudescence of the same sensory ganglia but was independent of the initial episode. Recurrence within 8 years in the same dermatome was less frequent than in a different dermatome. Pathological changes in sensory ganglia after HZ are characterized by fibrosis and loss of ganglion cells, axons, and myelin [25] and might contribute to the decrease in the incidence of HZ in the same dermatome.
When comparing with the previous reports on the distribution of the dermatome in 803 cases, the dermatomes of the trigeminal nerve and thoracic nerves were frequently involved as reported previously [6, 13, 25, 26] . A single dermatome was involved in 75% of 803 episodes including recurrent episodes in this study. Involvement of a single dermatome was reported for 66% of 2063 patients with HZ [26] and 49% of 208 patients with PHN [27] . The preference for the left side (124 in 208) [27] was observed similarly in recurrences in the same dermatome. The reason for the left-side prevalence is not clear; however, similar observations on left-side asymmetry have been reported in muscle involvements such as poliomyelitis of the upper limb [28] , diaphragm paralysis [29] , and neonatal hip instability [30] .
CONCLUSIONS
The epidemiological study of HZ in Miyazaki Prefecture collected the largest number of cases in a general population including the epidemiology of HZ recurrence that has been characterized to date. The recurrence of HZ was approximately 6% in the general population, and the incidence of HZ was 1.69 and 5.80 per 1000 person-years in HZ-experienced and HZ-naive populations, respectively. Thus, this is the first study to elucidate the incidence and clinical features of recurrent HZ in the largest epidemiological study worldwide.
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